This paper presents a standardized series of replicable and comparable density assays, based on the technique of photon densitometry (or absorptiometry), for two native South American camelid taxa, the domesticated llama (Lama glama) and alpaca (L. pacos). Two sets of volume density (VD) measures (in g/cm 3 ) are provided: (1) ''shape-adjusted'' volume density (VD SA ) which computes cross-sectional area of each scan site based upon computerized analysis of scanned digital images; and (2) standard volume density (VD LD/BT ) which norms cross-sectional area to a block form. Derived value sets are compared with each other, between camelid specimens and with published figures for camelid, deer and bison skeletal elements. Patterns of structural bone densities between South American camelids and other artiodactyls might be attributed to unique anatomical expressions of locomotor and dietary adaptations. The density data are combined with derived meat utility indices to explore the archaeological correlates associated with the production, distribution and consumption of ch'arki, a native Andean dried meat product. The paper examines the validity of an Andean charqui effect (sensu Miller, 1979, An introduction to the ethnoarchaeology of the Andean Camelids. Ph.D. Thesis, University of California at Berkeley), based on the well-known schlepp effect, by comparing hypothetical ch'arki and chalona models of meat preservation. Faunal data from the prehistoric Peruvian site of Chavín de Huántar do not support the consumption of imported ch'arki, but could implicate its local production. The data could also support the consumption of imported chalona, or the importation of live camelids which were subsequently slaughtered, locally produced into chalona and consumed. In both cases, the data leave open the possibility that Chavín may have been a production centre for either ch'arki or chalona; however, acceptance of the differing interpretations requires some potentially problematic assumptions.
Introduction

T
he New World camelids include four closely related species that can successfully interbreed: the wild guanaco (Lama guanicoe) and vicuña (Vicugna vicugna, or L. vicugna) and, the most conspicuous of the indigenous South American animal domesticates, the llama (L. glama) and alpaca (L. pacos). A prolonged interest in their early domestication and subsequent spread throughout prehistoric Andean South America has been supplemented recently by a developing attention to aspects of camelid taphonomy (e.g. Miller, 1979; Borrero, 1985 Borrero, , 1987 Borrero, , 1988 Borrero, , 1990a Borrero, , 1990b Elkin & Zanchetta, 1991; Mengoni Goñ alons, 1991 Olivera & Nasti, 1993; Tomka, 1994; Elkin, 1995; Kuznar, 1995; Mondini, 1995) .
One aspect of Andean zooarchaeology that is of particular interest for prehistorians is the production, distribution and consumption of camelid meat in the form of dried ch'arki. The English term ''jerky'', for strips of deboned and dried meat, is etymologically derived from the Quechuan ch'arki, through the Spanish charqui or charque. The desiccation of deboned camelid meat yields a product with an extended shelf-life that is easily transportable over long distances. Both the timing and appearance of archaeological correlates associated with ch'arki production are important. They offer potential clues for a pastoral component within an important economic system of ecological complementarity which is attributed to native Andean societies prior to and during the early years of Spanish conquest (Murra, 1975: 59-115) .
Taphonomically, ch'arki can be treated as a specialized Andean form of animal carcass utilization and transport. Andeanist archaeologists have followed the innovative suggestions of Miller (1979) who explored the archaeological visibility of ch'arki production and consumption by assessing the frequency of surviving skeletal parts in excavated assemblages. A South American ''charqui effect'' (Miller, 1979:210) , coined from the earlier ''schlepp effect'' of Perkins & Daly (1969:104) and originally modelled after ideas about prehistoric North American bison accumulations (e.g. White, 1953:162) , considers the patterned overrepresentation of: (1) head and distal limb bones at high altitude production centres; and (2) proximal limb bones at lower altitude consumption sites, as coupled archaeofaunal correlates for prehistoric ch'arki manufacture and trade. However, despite its popularity in Andean zooarchaeology, Browman (1989:263) criticized the applicability of the model, citing the lack of uniformity in ch'arki production across Andean time and space. Furthermore, specific problems with Perkins & Daly's (1968) schlepp effect, and later derivations thereof, are certainly well known to zooarchaeologists (e.g. see various discussions and references in Bunn & Kroll, 1986; Turner, 1989; O'Connell, Hawkes & Blurton Jones, 1990; Bartram, 1993; Lyman, 1994; chapter 7; O'Connell, 1995; Monahan, 1998) .
Zooarchaeologists must independently assess the validity of inferences based upon proportionate estimates of intra-skeletal variability. A number of earlier papers skillfully addressed the significance of interpretations which inferred economic utility from surviving skeletal portions in the buried record by treating structural density as an ultimate factor in mediating assemblage formation and survivorship (Lyman, 1985 (Lyman, , 1991 (Lyman, , 1992 (Lyman, , 1993 (Lyman, , 1994 Grayson, 1988 Grayson, , 1989 . It is important to develop precise and replicable density assays for understanding and measuring the underlying affect of structural variability within skeletal portions on assemblage representation. This was attempted in a number of pioneering efforts (e.g. Brain 1967 Brain , 1969 Voorhies, 1969; Behrensmeyer, 1975; Binford & Bertram, 1977; Miller,1979:68) and eventually refined by Lyman (1982 Lyman ( , 1984 Lyman ( , and see 1994 , who effectively championed the use of photon densitometry as an accurate and reliable tool for assessing bone assemblage formation and survivourship.
Empirically derived bone density estimates have become ''an indispensable tool in taphonomic analysis'' (Kreutzer, 1992:291) . The potential for application of photon densitometry to taphonomic studies in archaeology is hindered only by the relatively few taxa for which reliable assays are available. These include: chinook salmon, Oncorhynchus tshawytscha (Butler & Chatters, 1994) ; largescale sucker, Catostomus macrocheilus (Butler, 1996) ; rabbits, Sylvilagus floridanus, Oryctolagus cuniculus; hares, Lepus spp. (Pavao, 1996; Pavao & Stahl, 1999) ; marmots, Marmota spp. (Lyman, Houghton & Chambers, 1992) ; humans, Homo sapiens (Galloway, Willey & Snyder) ; phocid seals, Phoca spp. (Chambers, 1992; Lyman, 1994 : chapter 7); New World camelids, Lama spp. (Elkin, 1995; Elkin & Zanchetta, 1991) ; New World deer, Odocoileus spp.; domestic sheep, Ovis aries; pronghorn antelope, Antilocapra americana (Lyman, 1982 (Lyman, , 1984 (Lyman, , 1994 ; and bison, Bison bison (Kreutzer, 1992) . In the absence of taxon-specific density values, assays from closely related taxa might be cautiously applied; however, ''where great differences in body size and behavioral adaptation exist between the model and subject taxa, the model may be entirely inappropriate or, at best, provide only a blunt instrument capable of detecting gross patterning across the assemblage'' (Kreutzer, 1992: 291; see also Lyman, Houghton & Chambers, 1992:565) . It important for our taphonomic tool kit to develop a comprehensive catalogue of precise and reliable assays for as many different taxa as possible.
In this paper, I present structural density values obtained through photon densitometry (or absorptiometry) for a series of replicable and comparable scan sites on elements from 10 domesticated South American camelid skeletons. I compare the results to structural bone density from previous studies of camelids and other large artiodactyls and offer some tentative interpretations of similarities and differences. In a subsequent section, I combine the structural density values with other actualistic studies that focus on South American camelids, to explore further the archaeological correlates for prehistoric Andean ch'arki. Hypothetical models of ch'arki and chalona production, distribution and consumption are used to investigate alternate interpretations for the preserved camelid archaeofaunal remains from the Peruvian site of Chavin de Huántar.
Structural Density of Skeletal Elements from Domesticated South American Camelids
Previous studies of camelid structural bone density Miller (1979:68) was the first to undertake the quantification of differential densities between camelid skeletal portions, by determining the specific gravity of selected post-cranial elements obtained through surface collection of recent camelid accumulations. Major limb bones were sectioned transversely into three parts and metapodia were bisectioned through the mid-shaft. Each portion, along with intact calcanea, astragali and phalanges, was weighed and respective volumetric determinations calculated via water displacement. He demonstrated a ''definite correspondence'' between the relative structural density of long-bone epiphyses and patterned longitudinal fracturing observed during camelid carcass preparation in the southern highlands of Peru. Elkin & Zanchetta (1991) obtained bone mineral density estimates of selected camelid elements through the use of dual energy X-ray densitometry. Analysed materials included skeletal elements from at least two guanacos (L. guanicoe) and two vicuñ as (V. vicugna), in addition to a few archaeological specimens of indeterminate Lama sp. Volume density determinations for locations considered as most representative of each bone, or portion thereof, were derived through dividing machine readings of bone mineral density by corresponding bone thickness. Respective determinations for each camelid (Elkin & Zanchetta, 1991: Table 2 ) were highly correlated with each other and with corresponding values for cervids (Lyman, 1984) .
In a subsequent study, Elkin (1995) expanded her sample to include one vicuñ a (V. vicugna), two guanacos (L. guanicoe) and one llama (L. glama) skeleton. An additional set of camelid bone volume density estimates was established using water displacement of skeletal elements (excluding the head and pelvis) and sectioned long-bone portions which conformed to those examined in the earlier study. Volume density values for all three taxa displayed a highly positive and significant correlation; however, only those for llama were published as they were considered to be characteristic of all studied camelids (Elkin, 1995: table 2) . These assays were used to demonstrate density-mediated survivorship of camelid remains at the early Holocene site of Pintoscayoc 1 in northwestern Argentina.
The structural density assays published by Elkin & Zanchetta (1991) and Elkin (1995) were derived for various camelid taxa using the technique of photon absorptiometry; however, they are not entirely comparable with the parallel studies of various vertebrate taxa. Lyman (1984:272-273) originally selected specific scan sites on each element which were structurally different, easy to locate and readily applicable to the analysis of fragmented remains in archaeological sites. For consistency, and in order to examine underlying anatomical variation by keeping conditioning factors constant, subsequent researchers chose similar scan sites for measurement. In most cases, the existing camelid density figures published by Elkin & Zanchetta (1991) and Elkin (1995) lack both comparability and precision as they average values for corresponding scan sites. Furthermore, published volume density values are based on only one adult llama (L. glama) skeleton (Elkin, 1995: table 2) , measurements from one juvenile vicuñ a (V. vicugna) and the combined elements of two adult guanacos (L. guanicoe) (Elkin & Zanchetta, 1991 : Table 2 ). The research described below expands upon these innovative foundations.
Materials and methods
Following published procedures (see Lyman, 1984; Kreutzer, 1992; Lyman, Houghton & Chambers, 1992) , a series of standardized bone sites were scanned by dual-energy X-ray absorptiometry (DEXA) in order to generate comparable structural density values for domesticated camelid taxa. Although dual energy projections have been employed for in vivo clinical assessments of both hard and soft tissue composition for over a decade, the recent introduction of DEXA has increased precision while decreasing radiation dosage (e.g. Mazess et al., 1990; Johnston, Slemenda & Melton, 1991; Lohmann, 1992) . Utilizing quantitative digital radiography, DEXA technology has been used with success to generate replicable skeletal density values for bison (Kreutzer, 1992) and salmon (Butler & Chatters, 1994) . A detailed description of the instrumentation and measurement procedures has been published in Kreutzer (1992:275) ; any departures from this approach are detailed below.
Ten adult domesticate camelid skeletons, including Lama sp., L. glama and L. pacos, were obtained on loan through the courtesy of the Department of Mammalogy, American Museum of Natural History (Table 1) . For sake of comparability, scan site locations used originally by Lyman (1984: Figure 2 ) and subsequently by Kreutzer (1992: Figure 2) were measured wherever possible (Figure 1 ). Deviations are as follows: (1) camelids have fused radio-ulnae; (2) mandibular sites DN5 and DN6 were repositioned; (3) only two scans through the entire breadth of the scapular blade were measured; and (4) all of the smaller carpals and tarsals were scanned, some of which can be compared with their counterparts in the bison skeleton. The number of measured scan sites varies as some skeletons were incomplete, whereas other elements were omitted from the study due to prior modification. Portions of skeleton AMNH No. 6362 had been previously drilled for articulated display, and AMNH No. 237999 included sagittally sectioned cervical vertebrae. Following (Kreutzer 1992:275) , the left member of paired elements was 
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examined and only substituted by its right counterpart if unavailable. The machine used in this study was a DP3 DualPhoton Absorptiometer, with integrated Version 2·1 Software, manufactured and developed by the Lunar Radiation Corporation, Madison Wisconsin. Except for collination, which refers to the opening at the bottom of the detector, all machine default values were maintained during the analysis. A number of elements were positioned end-to-end and oriented in a standardized position under the passing beam on a backing plate of 1 mm thick aluminum, which imparted 
P. W. Stahl
readings ranging from 0·00 to 0·03 gm/cm 2 of ''background'' density. Upon completion of each scan, a digitized image was generated on a linked computer monitor. The machine automatically determines bone width (BW) as it detects the outside edges of high density bone and outlines its contours. The screen image of each element could then be checked and manually adjusted if needed, in order to ensure that the defined analytical region of interest corresponded as closely as possible with the contours of the element outline. Each scan site was then manually defined by manipulating the selected region of interest on the screen image. Beam width was standardized to the smallest possible setting of 2 mm for all measurements. The machine then automatically calculated bone mineral density (BMD in g/cm 2 ), also referred to as linear density (LD: Lyman, 1984:273) , from the detected bone mineral content (BMC in g/cm) by 
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factoring in the dimensions of beam width and BW for each scan site.
As previously discussed (Lyman, 1984:273; Kreutzer, 1992:283) , this derived measure is invalid as it does not consider bone thickness (BT) at each scan site. This additional dimension is crucial for computation because each scan site is a cross-sectional volume in three dimensions (beam width BW BT). Each cross-section of each scan site on each different element is, of course, variable. Originally, Lyman (1984:280) normalized these cross-sections to a block shape by factoring in caliper measurements of BT at each site. A valid and comparable volume density (VD) measure was then computed through dividing LD (BMD) by BT (VD=LD/BT). However, a square or rectangular shape necessarily simplifies cross-sectional area (Lyman, 1984:280) , which reduces shape variability and can systematically underestimate VD values. Different methods for calculating scan site cross-sections and volume estimations have been subsequently used, including: caliper measurement of each site crosssection plotted on graph paper (Kreutzer, 1992) ; water, displacement of skeletal elements and sectioned longbone portions (Elkin, 1995) ; normalizing each site to a geometric shape that most closely approximates its profile (Pavao, 1996; Pavao & Stahl, 1998) ; and computing site diameter calculated from the bone circumference at each scan site measured with a linen tape (Galloway, Willey & Snyder, 1997) . Recent application of computed tomography (CT) to bone density determinations of caprid long bones appears to have eliminated this problem. As the technique records beam attenuation from many different directions, CT provides density assays based upon precise assessments of cross-sectional area and scan site volume (Lam et al., 1998:561-562) .
My method for calculating bone volume at scan sites differs from these previous estimations. I drew the cross-sectional profiles of each scan site represented in Lama sp. skeleton AMNH No. 80113 with the aid of a carpenter's moulding tool and digital callipers ( Figure  2 ). Note that vertebral cross-sections take into account air space of intervertebral canals, whereas all other cross-sectional estimates do not include internal pore space. Next, I digitized the sketches of each crosssection to produce compatible files in TIFF format. With digital callipers, I measured the distance between standardized osteometric landmarks for each scan site of all available skeletal elements. I then computed the area of each site using the Analyze Menu of NIH Image Ver. 1·52, a MacIntosh-based image processing and analysis program distributed as public domain software by the National Institute of Health. The distance between landmarks for each scan site was manually defined on the screen image, after which the corresponding known distance was entered and the scale set to centimetres. This procedure was repeated for the entire set of scan sites, resulting in exacting areal (cm 2 ) estimates. I computed VD in two different ways. In order to use my cross-sectional area estimates, I factored BW (cm) out of BMD (g/cm 2 ) to calculate BMC (g/cm) (e.g. BMC=BMD BW). I then computed ''shapeadjusted'' volume density (VD SA ) by dividing crosssectional area (cm 2 ) into BMC (g/cm) (e.g. VD SA =BMC/Area cm 2 ). As cross-sections from only one camelid skeleton were drawn, I am assuming that they are morphologically representative of all camelid scan site cross-sections; a time-saving assumption that necessarily reduces variability and introduces its own degree of error. I present a second set of VD calculations in which cross-sectional areas are simply normalized to a square or rectangular shape, through dividing BMD by BT for each scan site [e.g. VD LD/ BT =LD (BMD)/BT]. This measurement conforms to the original VD calculations offered by Lyman (1984) and facilitates comparison with his figures and certain others. ) values for 101 camelid scan sites, including corresponding sample sizes and rankings for the different volume estimation techniques. The relationship between the two sets of averaged volume density values is characterized by a high positive and significant correlation (Pearson's r=0·90, Pc0·001)*, graphically illustrated in Figure 3 . Variations in rank ordering between the two sets of values are affected by the differing techniques for estimating cross-sectional area. This is clearly demonstrated in many of the scan sites whose cross-sectional profiles most radically depart from a block outline (e.g. AC1, IL1, SP2, SP3, SP4) and/or from which internal air space was subtracted (e.g. most of the vertebral body sites). Conversely, relative agreement in rank ordering is found amongst those scan sites whose cross-sectional profiles most closely approximate a block outline (e.g.
Results and discussion
*I follow Lyman, Houghton & Chambers (1992:564) in using Pearson's r for interval scale data where the numerical distance between values is known to be equivalent, and Spearman's rho (r s ) for ordinal scale data where this is unknown and/or cannot be assumed. 9  1·65  35  0·79  26  SP1  10  1·10  11  0·72  20  SP2  10  2·22  68  0·71  19  SP3  10  1·44  24  0·29  1  SP4  10  2·12  63  0·71  18  ST1  10  0·83  3  0·63  17  T1  10  2·34  69  1·47  73  T11  7  2·62  81  1·59  81  TH1  10  0·91  6  0·40  2  TH2  10  1·97  55  0·91  33  TI1  9  0·96  7  0·57  11  TI2  9  1·25  13  0·73  22  TI3  9  2·09  61  1·43  69  TI4  9  2·07  58  1·42  68  TI5  9  1·36  20  0·95  37  U1  10  2·68  82  1·50  74 mandibular, phalangeal and many of the carpal/tarsal sites) and from which internal air space was not subtracted. Of course, the density value for any scan site cross-section which does not take into account internal air space or structural heterogeneity incorporates a degree of inaccuracy. This is particularly important for long-bone diaphyses with pronounced medullary cavities. Marean and colleagues (Marean & Frey, 1997; Lam et al., 1998; Marean, 1998; Marean & Kim, 1998) critically assess the effect of consistently underestimating long-bone mid-shaft density on archaeological interpretations of assemblage accumulation involving skeletal frequencies. Although the method for estimating scan-site cross-section in this study is offered as a procedure for increasing the accuracy of bone mineral density calculations, like most other density studies it inevitably underestimates the density of those scan sites for which significant cross-sectional heterogeneity was not taken into consideration.
Comparison of scan site values between camelids.
Considered separately, the two sets of density values are internally consistent. The average of the correlation coefficients between VD SA values of scan sites from a maximum of 10 camelid skeletons is highly positive and significant (r=0·79; Pc0·001), as is the corresponding average of the correlation coefficients for VD LD/BT (r=0·82; Pc0·001). The slightly higher correlation for normalized cross-sections is understandable, as these values are inclined toward greater homogeneity. This reduction in variability is produced by normalizing all cross-sectional outlines to a block profile (see Figure 2 ). Despite their internal consistency, however, the averaged values mask a certain degree of sample heterogeneity. The skeletal sample upon which the values are based includes a mixture of adult males and females from at least two taxa of domesticated animals raised in zoos. There is no way to assess the extent to which unique handling has affected the computed values. The effects of special diet or unusual exercise regime in a zoo environment may be important, especially when considering that the underlying BMC (g/cm) values are much higher than those for any previously examined taxon. This is the first structural bone density study undertaken exclusively on domestic taxa. One inevitable outcome of domestication can be to increase the degree of individual variation within an overall population structure when compared to the wild condition. Sample heterogeneity is certainly an issue when considering the averaged values of adult males and females from two species. The fact that these two interbreeding taxa are notoriously difficult to differentiate on the basis of osteological criteria certainly mitigates some of the potential problems created by lumping together L. glama and L. pacos scan site values, i.e. they tend to be morphologically indistinguishable. Nevertheless, despite some degree of overlap, the distinction between living llamas and alpacas is usually clear. Llamas are typically bred for meat consumption and for wool used in the production of coarse bags, ropes and rugs. Their tolerance to a wider variety of elevational conditions and forage types makes them better suited as mobile beasts of burden. Alpacas tend to be found only at higher elevations where they are exploited more for their finer wool than for meat consumption (Franklin, 1982:486, Table 1 ). Five of the scanned skeletons are identified only to the level of genus; therefore, the sample of sexed llamas and alpacas is minimal. A very high correlation (r=0·95; Pc0·001) characterizes the relationship between VD SA values of two male alpacas (AMNH Nos. 6362 and 6240); however, the number of scan sites available for comparison is low (N=58), as one skeleton had been previously drilled for articulated display. The available llama sample consists of one male and one female, but is also characterized by a high correlation (r=0·82; Pc0·001) between respective VD SA values. A comparison between skeletons of similar sex, regardless of taxon (including Lama sp. individuals), reveals little in the way of patterning except for an overall highly positive and significant statistical correlation.
Comparison of scan site values with previous camelid studies. How do these scan site values compare with those generated by previous studies of camelid skeletons? Miller's (1979:68) original density calculations were estimated for selected skeletal elements and portions, including: (1) long-bone end portions of the humerus, radio-ulna, femur and tibia; (2) metapodial ends including shaft portions; and (3) intact calcanea, astragali and first phalanges. Ten examples of each element were collected from surface scatters of recent camelid accumulations and respective mean specific gravities were estimated using weight and volume determined by water displacement. Each of Miller's 15 specific gravity measurements incorporates a number of scan sites (Miller, 1979 ) estimates for selected element portions and complete bones, determined by dividing machinederived measurements by BT. VD LD/BT values were used, as the respective volumes were normalized to a block shape, and averaged where appropriate. Averaged VD LD/BT assays are correlated with 27 corresponding measurements for L. guanicoe (r s =0·68; Pc0·001). Averaged VD LD/BT assays are also correlated with 26 corresponding measurements for a juvenile specimen of the smaller and more gracile wild V. vicugna (r s =0·45; P=0·002). Elkin's (1995) subsequent study includes VD (g/cm 3 ) estimates for selected element portions and complete bones including shaft portions from a llama skeleton. Respective bone volumes were estimated via water displacement. Averaged VD SA values are correlated with 32 corresponding measurements (r s =0·51; P=0·0026), whereas their correlation with corresponding VD LD/BT assays (r s =0·69; Pc0·001) is much stronger.
Comparison of scan site values with other artiodactyls.
The camelid structural density assays compare favourably with corresponding values for deer (Lyman, 1984) and bison (Kreutzer, 1992) which were generated by an approach similar to the one used here. Sample sizes vary as the discrepancies between measured scan sites for camelids and other artiodactyls necessitated the following departures: (1) the fused camelid radio-ulnar sites are omitted as they have no counterparts in deer, and were measured somewhat differently in bison; (2) carpal and tarsal comparisons vary as camelids do not have a fused naviculocuboid and comparable cuneiform, lunar, lateral malleolus and unciform values are available for bison only; (3) scapular blade values for camelid sites SP3 and SP4 are considered to be comparable to sites SP4 and SP5 respectively in bison and deer; and (4) the bison study does not include values for the second phalanx mid-toe measurement, thus site P22 is comparable to site P23 and omits assays for the sternum and patella.
Linear density (LD, or bone mineral density, BMD) values of camelid scan sites are correlated with corresponding assays of both deer (r=0·76; Pc0·001; N=84) and bison (r=0·77; Pc0·001; N=85). Using Kreutzer's (1992) technique of comparing the 10 highest and 10 lowest ranking LD scan sites for each taxon, it appears that: (1) highest ranking sites similarly cluster in proximal foreleg, distal hind leg and metapodial elements of camelids, with the addition of two sites on the mandibular body; and (2) lowest ranking sites tend to cluster in scapular and axial elements of camelids, with one mandibular site on the coronoid process (Table 3) . Nevertheless, as LD measures only two-dimensional density of bone mineral (g/cm 2 , calculated by BMC/BW), no adjustment is made for crosssectional volume at different scan sites. As Kreutzer (1992: 285) , also Lyman, 1984:271) points out, these correlations reflect bone morphology more than they reflect actual differences in bone mineral content.
Correlations of VD LD/BT are also positive and significant for camelids and deer (r=0·44; Pc001; N=83). However, similar VD LD/BT correlations for camelids and bison are less strong yet significant (r=0·37; Pc0·001; N=84). The 10 most-and 10 leastdense VD LD/BT scan sites are presented in Table 4 . A weaker positive yet significant correlation is noted for comparisons between scan sites of camelids and deer (r=0·28; P=0·009; N=83) and camelids and bison (r=0·36; Pc0·001; N=85) when using VD SA . This is certainly a predictable outcome of employing crosssectional volume estimations that increasingly diverge from those normalized to a block shape. It is also understandable that the differences between correlations employing VD SA and VD LD/BT values are far less dramatic for the bison sample than those for the cervid sample, considering that the bison volumes were calculated using more accurate angular plots on graph paper (Kreutzer, 1992: Figure 4) . Although the VD SA values potentially offer increased accuracy, comparisons of previously published structural bone density values between taxa should use VD LD/BT values where appropriate.
Interpretation of bone density. I suspect that much of the patterned similarity and dissimilarity in structural bone densities between the South American camelid skeletons and their counterparts in deer and bison can be attributed to anatomical expressions of locomotor and dietary adaptations that emerged during the course of a unique evolutionary history (Franklin, 1982; Dagg, 1974; Gautier-Pilters & Dagg, 1981; Webb, 1965; 1972 . Long before the late Pliocene dispersal of camelids from their original North American homeland, a number of distinctive changes in locomotor and feeding adaptations had occurred, most notably: (1) the appearance of equally proportioned fore-and hind-limbs with partially fused metapodia and padded digitigrade feet for support on soft substrates; and (2) the development of hypsodont cheek teeth as an adaption for grazing abrasive vegetation, with the loss of upper incisors and the emergence of a cropping mechanism in which the lower incisors bit against split upper lips.
These Miocene progenitors developed the typical faster gait of all modern camels in their unique propensity for a unilateral pace in which both legs of one side move forward simultaneously and alternate with their counterparts on the other side. In this way, stride length can be extended and efficiency of energy expenditure increased, as moving limbs on one side of the animal never overlap (Webb, 1972:100) . Dagg (1974 Dagg ( , 1979 Gauthier-Pilters & Dagg, 1981:102) observes that in modern camels the sole of the foot is placed flat on the ground during stride as weight is shifted from one side to the other, followed by forward propulsion through pushing off from the toes. Therefore, locomotion involves variable plantigrade to digitigrade posture, as opposed to the typical unguligrade stance employed in most artiodactyl locomotion. Foot structure is accordingly unique, including solar pads and two anterior toenails rather than cloven hooves. Lower limbs are characterized by reduced fibulae, extensively fused radio-ulnae, and partially fused metapodia whose distal ends resemble an inverted 'Y' (Figure 1) . Furthermore, unlike most artiodactyls, the articular ridges of the distal metapodia do not completely encircle the distal articulation; rather they are restricted to the plantar surface. This enables the phalanges to spread widely during weight support, the ridges being contacted only when weight is removed (Webb, 1972:106-107) . The unilateral pace of camelids is well suited for long-legged animals that move about in flat and open terrain without any need for exceptional manoeuvrability. A pacing gait necessarily reduces lateral stability, which is exacerbated by a resulting side-toside body sway. Manoeuvrability is further decreased as the pacing animal's feet tend to be on the ground less in accordance with increased stride length, therefore a pacer is less capable of immediate directional change (Webb, 1972:102) . In contrast, cervids avoid predators by utilizing uneven paths in dense vegetation and require the stability and balance afforded by diagonal support, along with superior manoeuvrability (Dagg, 1979 (Dagg, :1162 . The instability created by long periods of unilateral support and side-to-side sway is countered to some extent by placing: (1) the limb near the body midline; and (2) the weight of the camelid's head at the end of a relatively long neck which is carried low during faster gait. The typically wide and splay-toed feet tend to be larger in the forelimbs as they support this heavier counterbalancing weight (Webb, 1965 (Webb, :33, 1972 . Also, the forequarters generate the major force of locomotion as modern camels tend to pull, rather than push themselves (Gauthier-Pilters & Dagg, 1981:105-106 ).
It appears that by the beginning of the Pleistocene, a llama-like ancestor radiated into the South American Andes and pampas from its original homeland in the southern portions of North America. The typically long-limbed Hemiauchenia appears to have been much better suited for a cursorial existence than its descendants, Palaeolama and the recent llamas. During the Pleistocene, these latter forms display a marked reduction in metapodial length and an increase in epipodial length. This suggests that the speed afforded by lengthened metapodia and shortened pro-and epipodia of the plains-and pampa-adapted Hemiauchenia had become less emphasized in the more recent New World camelids as they radiated into the more rugged terrain of the Andes, where manoeuvrability and jumping became crucial. Further developments in the masticatory apparatus of the most recent llamines include a shallowing of the jaw and the appearance of low-crowned cheek teeth and cervoid premolars. This may indicate an increased consumption of browse and a decreased consumption of grass, which is typical of the grazing plains adapted Hemiauchenia (Webb, 1974:207-211) . Amongst the contemporary New World camelids, L. glama tends toward generalized browsing and grazing in alpine grass and shrub land, while L. pacos inclines more toward obligate grazing of alpine grasslands, meadows and marshes (Franklin, 1982:465) .
The most striking pattern in Lama spp. structural density values is the consistently high ranking of mandibular scan sites. These scan sites in deer and bison also tend to be relatively high density sites; however, regardless of which method for volume estimation is used, the seven highest density camelid sites on average are mandibular (Table 4) . It is usually the anteriormost scan site (DN1) which is not included amongst the highest density sites. Scan sites high up on the coronoid process (DN8) and just below the mandibular condyle (DN7) are routinely the most dense. These sites are also locations of high mineral density for the other examined artiodactyl taxa. It is unclear exactly why nearly all camelid mandibular sites have such conspicuously high values in bone mineral density. The pattern is consistent between sample skeletons identified as L. glama and L. pacos, the former a grazer/browser, the latter a browser. Minor variations in the relative ordering of mandibular scan sites can be detected between male and female specimens across species, otherwise the pattern remains very consistent. One possibility for high bone mineral density may be a need for increased weight in the camelid head as it counterbalances the inherent instability of a unilateral gait. Also, unlike ruminants, the mandible of hypsodont camelids bears canines and is characterized by a completely co-ossified symphysis (Webb, 1965: 12-13) . The anterior portion of the mandible supports long, procumbent incisors that crop grass and dry browse against a unique pad formed by a deeply split and mobile upper lip which also serves as a prehensile grasping device (Webb, 1965 (Webb, :6, 1972 . Another possibility is that the pattern may be unique in zoo specimens due to special care and upkeep.
Excluding the seven high density mandibular sites for the moment, the majority of next highest density scan sites tend to be found in the lower limbs. Portions of the metapodial shafts and calcaneum are characteristically high in structural bone density for all studied Artiodactyla. It may be important to note that the highest lower limb values are found in the distal metaphyses of camelid metapodia, as opposed to the proximal metaphysis and mid-shaft portions in deer, and the mid-diaphysis portions in bison. However, Lam et al. (1998:564) indicate that these differences may simply be an artefact of measurement, as the procedure mistakes an essentially heterogenous distal cross-section as homogenous. Additionally, the midshaft of the camelid first phalanx is relatively high in structural density, as are most of the phalangeal scan sites in comparison with deer and bison. This is the probable reflection of a wide, splay-toed plantigrade to digitigrade stance used by camelids in unilateral gait as an adaptation to stable substrates. Unlike the obligate unguligrade stance of most cursorial animals, which places enormous compressive load on the metapodium (e.g. Hildebrand, 1985:56) , the splayed toes and padded digitigrade feet of camelids evenly distribute load to distal members including the phalanges and toe-like partially fused distal metapodia. As expected, the distal articular surfaces of camelid metapodia tend to be relatively less dense than comparable scan sites in deer and bison. This is very likely due to the absence of encircling ridges on upper articular surfaces, which enable the toes to spread widely when planted (Webb, 1972:102) .
New World camelid and deer skeletons are very similar in that relatively low structural density sites are dominated by vertebral sites in the neck. Both are typically long-necked taxa, but for different reasons as the extended camelid neck is useful for carrying the head in a low position in order to counterbalance instability during faster unilateral gait. Kreutzer (1992:287) attributes a pattern of high density in the anterior cervical vertebrae of bison to nuchal musculature and robusticity needed to support a massive skull. Otherwise, bison and camelids share a number of low density sites, including portions of the scapular blade, the large proximal humeral head and the broad distal articular portion of the femur. It may be pertinent in this regard to emphasize the expansion of certain bone surfaces on the upper portions of camelid shoulder and hip joints. These include an extended spine and acromion process on the scapula, a prominent deltoid crest on the lateral portion of the humerus and a transverse expansion of the proximal femur. Each serves as an attachment for powerful abductor muscles that promote lateral stability as they pull the body in a sideways motion over the planted feet, thereby facilitating control of lateral movement (Webb, 1972:104) . Increased limb abductor muscle involvement in camelids requires expanded bone surface area for muscle attachment, which in turn may lead to a relative decrease in structural density for specific portions of the upper appendages.
Archaeological Investigation of Prehistoric Andean Ch'arki
As a specialized Andean form of animal carcass utilization and transport, ch'arki (also charque, charqui, čarki, tsarke, xarque, xarqui, carne seca) is the most celebrated indigenous meat preservation technique in Andean South America. Archaeological visibility of its production and consumption is generally predicated on the basis of camelid skeletal part frequencies preserved in excavated assemblages. The suggested correlates of prehistoric ch'arki provide a means to explore the combined use of camelid bone mineral density assays and utility indices as a way of assessing the validity of inferences about economic utility based upon skeletal part frequencies.
Ch'arki production, distribution and consumption
The literature contains frequent, yet casual, references to ch'arki; frustratingly little is devoted in any detail to its actual production. The latter involves desiccation as the primary means of preserving fresh meat which would otherwise rapidly spoil in sub-tropical and tropical climates. The principal outcome of desiccation is to reduce water content which: (1) inhibits microbial growth; (2) decreases overall bulk and weight; and (3) causes a proportionate increase in salt, protein, ash and fat content by weight (Norman & Corte, 1985:6, Figure 5 ). Salted and fully dried ch'arki can have an effective shelf life of at least 3-4 months (Norman & Corte, 1985: 2; see also Garcilaso, 1871:603) and usually much longer (La Barre, 1948:62; Tomka, 1994:241) . The dried product can have over twice the caloric yield because the ratio of fresh meat to ch'arki varies between 2:1 and 4:1 by weight (Norman & Corte, 1985:6; Tomka, 1994:119) . Preserved ch'arki can be later rehydrated through prolonged water soaking and is most commonly consumed as reconstituted chips or small pieces in soups and stews.
As a nutritious and easily transportable meat product with a prolonged shelf life, ch'arki was an important pre-Columbian Andean subsistence resource. Considered somewhat of a luxury in the Incan empire, meat was made available for common consumption only during ceremonial occasions and military service. Ch'arki, in particular, was deposited as tribute in state storehouses to provision imperial armies (Garcilaso, 1871:459; Murra, 1980:49) . The location and timing for ch'arki production and consumption in Andean prehistory is significant. Relevant material correlates can serve as potential signatures for the inclusion of a pastoral component within a pre-Hispanic economic system that incorporated complimentary ecological zones in the highly heterogenous Andean environment. Today, camelids are commonly bred in the high puna grasslands which lie beyond the elevational limits of effective agriculture. High elevation pastoral products are integrated into a network of production and exchange with harvested or manufactured products from the lower elevational settings of agricultural, jungle, and coastal lands. Ethnically based networks of production and exchange within and between ecologically complimentary zones, whether imposed by state authority or enduring as de facto arrangements, constituted the lifeblood of human existence in a highly variable landscape (Murra, 1975 (Murra, , 1980 (Murra, , 1985 Shimada, 1985; Stanish, 1992; Van Buren, 1996) .
The majority of references which include any detail of ch'arki production, especially among recent highland Quechuan and Aymara populations, explicitly maintain that its manufacture involves thin strips or sheets of deboned meat (e.g. Rowe, 1944: 221; La Barre,
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1948:62; Cardozo González, 1954:98, 198; Hickman, 1963:132; Ravines, 1978:186; Norman & Corte, 1985:4-5; Johnsson, 1986:40; Flannery, Marcus & Reynolds, 1989:85; Barton et al., 1990:65; Cobo, 1990:198; Tomka, 1994:119, 241, 383; Jones, 1996:82) . At high altitudes, thin, deboned strips are exposed to the elements during the driest and coldest months, usually between May and August. They are often hung on lines, specially constructed poles, or simply placed on roof tops, out of the reach of scavenging animals (e.g. Hickman, 1964:132; Flannery, Marcus & Reynolds, 1989:58) , from as little as 4-5, to as many as 25 days (Ravines, 1978:186; Norman & Corte, 1985:22; Tomka, 1994:119) . It is important for ch'arki production that meat cuts be of uniform thickness to control the rate and consistency of surface tissue desiccation. Norman & Corte (1985:5, 10-13) describe optimal mantas or large, flat muscle blocks no greater than 5 mm thick to ensure uniform salt penetration and consistent drying. Commenting on Peruvian Indians in the early half of the 17th century, Father Bernabé Cobo ([1653]1990:198) clearly details many of these features.
The plebeians ate very little meat and when they did it was at festivals and banquets. They ate more dried meat than fresh, and they prepared the dried meat without salt in the following way. They cut the meat in wide, thin slices. Then they put these slices on ice to cure. Once the slices were dried out, they pounded them between two stones to make them thinner. They called this dried meat charqui.
Despite the contemporary and historic accounts of ch'arki production, we must heed Browman's (1989:263) caution that the product and its manufacture were likely not uniform in prehistoric time and space. Indeed, recent accounts also mention related, but different techniques. For example, contemporary Aymara use chalona (cǎlona) to refer to an inferior kind of ch'arki (a term which they properly apply only to desiccated llama meat) which is made by splitting, flattening and drying a whole, eviscerated sheep after removal of the skin and head (e.g. Forbes, 1870:243; La Barre, 1948:62, 75) . Browman (1989:263) describes thin sheets of ch'arki which include flattened head and foot elements in contemporary Bolivian Aymara markets. Ravines (1978:186) clearly mentions that ch'arki is reserved for deboned meat, whereas chalona is used for meat with the bone left in. Some authors variably reserve the term chalona for dried mutton (e.g. La Barre, 1948:58; Flores Ochoa, 1979:41; Johnsson, 1986:44) , whereas others include mutton as ch'arki (e.g. Barton et al., 1990:65) . Cardozo González (1954:198) refers to a salted and air-dried meat which differs from ch'arki as it uses deboned meat prepared in a solution of capsicums, vinegar, cumin, salt and pepper. Also, some authors variably refer to the Spanish cecina (hung, or salted and dried beef), either as a synonym for ch'arki (Latcham, 1922:81; Maccagno, 1932:41) , or specifically for use with beef (Johnsson, 1986:44) or pigs (La Barre, 1948:62) . Norman & Corte (1985:10) consider pork as unsuitable for ch'arki production as it is overly rich in unsaturated fatty acids. Conversely, meat with too little carcass fat produces an inferior and less palatable product, due to excessive dehydration.
Archaeological correlates of prehistoric Ch'arki production
In his original formulation of the South American ''charqui effect '', Miller (1979:99-100 ) explicitly acknowledges the possibility of both geographical and temporal variation in Andean ch'arki production. However, archaeological visibility of the effect is clearly predicated on a type of ''ch'arki'' that is produced with the bones left in muscle tissue and subsequently distributed as ''joints of meat'' along with embedded bones.
All parts of the carcass are utilized with the exception of the lower legs and the head which are never used. The term ''lower leg'' in this case includes cannons, phalanges and perhaps some carpals or tarsals, depending upon the butchery technique (or alternate methods used to separate lower from upper limbs). The lower legs are not included because they lack sufficient meat to make them desirable, while the head will not keep for a long time and is set aside for immediate home consumption (Miller, 1979: 99, italics added by P. W. S.).
The archaeological visibility of Andean ch'arki production and distribution would then be potentially visible through a coupled set of archaeofaunal correlates involving: (1) an over-abundance of cranial and distal limb elements at high altitude production centres; and (2) proximal limb elements at lower altitude consumption sites.
While heeding Browman's (1989:263) caveat regarding the lack of a spatio-temporal uniformity of Andean llamoid meat preservation, the validity of Miller's ''charqui effect'' for archaeological inference clearly depends upon the manufacture and distribution of a ch'arki more akin to the chalona of recent literature; that is, a desiccated product with most meat-bearing bones left in. It is of course the ultimate fate of camelid bones in ch'arki or chalona manufacture that generates prima facie evidence for zooarchaeologists. Not only is the exact nature of meat preparation crucial for understanding initial bone accumulation, but the location of bone deposition within a sequence of camelid slaughter, butchering/processing and consumption is also essential. This is illustrated in two hypothetical versions of ''ch'arki'' (Figure 4) and ''chalona'' ( Figure  5 ) manufacture and consumption. Each is based upon a relatively consistent pattern of contemporary camelid butchery which divides the animal into seven or eight carcass portions (e.g. La Barre, 1948:74; Miller, 1979:43; Flannery, Marcus & Reynolds, 1989:85; Tomka, 1994:59, 241) . Non-meat-bearing lower limbs are separated at the ankle joint, with variably complete, partial or no carpal/tarsal riders (e.g. Miller, 1979:39; Tomka, 1994:59) . Furthermore, descriptions of Andean butchery suggest that the head is often afforded special treatment because, of rapid spoilage, low meat content or brain removal (e.g. Forbes, 1870:243; Cardozo González, 1954:128; Hickman, 1964:132; Nachtigall, 1966:221; Miller, 1979:44; Weismantel, 1988:100; Tomka, 1994:241) .
Lower limbs and heads usually remain at the location of slaughter (Tomka, 1994:239) . These bone assemblages are characterized by elements with relatively higher mineral density and lower meat utility: VD SA values range from 1·46 to 7·23 g/cm 3 with a mean value of 2·67 g/cm 3 and meat utility values range from 143 to 1613 g with a mean value of 583 g for butchery segments †. The transported counterparts can remain at the location of production and/or consumption, depending upon which model is used. These bone assemblages are characterized by elements with lower mineral density and higher meat utility: VD SA values range from 0·61 to 5·04 g/cm 3 with a mean value of 1·75 g/cm 3 and meat utility values range from 768 to 6912 g with a mean value of 3331 g. A third assemblage, consisting of the complete skeleton, can variably accumulate and deposit at locations of slaughter, production and consumption. These bone assemblages are characterized by elements with intermediate mineral density and meat utility: VD SA values range from 0·61 to 7·23 g/cm 3 with a mean value of 2·15 g/cm 3 and meat utility values range from 143 to 6912 g with a mean value of 2714 g.
In four out of five hypothetical ch'arki scenarios (Figure 4 , cases A, B, D and E), entire skeletal profiles are potentially deposited in areas of production, certainly as bones are an undesirable waste product of manufacture. Consumed ch'arki, introduced from a non-local production site, is archaeologically invisible. The potential for a ch'arki schlepp effect (sensu Miller) is possible when camelids are slaughtered at high elevation sites, and head and lower limb elements are retained in the area of slaughter. Major meat-bearing portions are subsequently removed to a nearby site of production (which can also be a site of consumption), yielding the potential deposition of transported elements (Figure 4 , case C).
Chalona production has the potential for introducing greater variability into assemblage accumulation because bones are an integral part of the traded and consumed product ( Figure 5 ). In all locations where production and consumption are carried out, entire skeletons are deposited (Figure 5, cases A and E) . Only in those cases where production and consumption are separated, could a chalona schlepp effect be possible. These include three different scenarios: (1) live transport to a production site with subsequent trade and consumption elsewhere ( Figure 5 , case B); (2) movement of a slaughtered carcass to a production site with subsequent trade and consumption elsewhere ( Figure  5 , case C); and (3) high elevation slaughter and production with subsequent trade and consumption elsewhere ( Figure 5, case D) . In each case transported bones are deposited at consumption sites.
A comparison of the two hypothetical models suggests that determining a precise mechanism for bone accumulation and deposition at neighbouring highelevation pastoral and lower-elevation residential/ agricultural sites is potentially equifinal in at least two cases. The first (Figure 4 , case C) is when the animal is slaughtered at a high-elevation pastoral site where head and lower limbs are retained and meat-bearing carcass portions are transported to a nearby ch'arki production site with subsequent consumption in the location of production and/or trade to a non-local site. The second ( Figure 5, case D) is when the animal is slaughtered and chalona is produced at a high elevation pastoral site, after which processed meat-bearing carcass portions are transported to a nearby consumption site. In either case, it is difficult to identify the site of major skeletal deposition as exclusively a site of production or a site of consumption.
Recently, Miller & Burger (1995) have argued the case for ch'arki consumption at the famous Peruvian site of Chavín de Huántar. Located at 3150 miles above sea level (masl) on the floor of the Mosna valley, the site lies directly adjacent to an area suitable for high altitude agriculture above 3300 masl and within 4 km of nearby high puna grasslands above 3800 masl (Miller & Burger, 1995:424) . Camelid remains are important throughout each occupational phase at Chavín. An archaeofaunal research sample (N= 12,672) representing three temporal phases: Urabarriu (900-500 ); Chakinani (500-400 ); and Janabarriu (400-200 ), was selected for analysis (Miller & Burger, 1995:427) . Miller & Burger (1995:435) suggest that the Urabarriu sample includes the mixed exploitation of domesticated llama and wild vicuñ a, with a subsequent increase of llama exploitation in the subsequent Chakinani phase and eventual domination by domesticated llama in the Janabarriu sample. Miller & Burger (1995:442) suggest that a high survivorship of limb bones and poor representation of cranial and podial elements in the camelid assemblage from Chakinani and Janabarriu contexts indicate consumption of ch'arki acquired through trade with local high-altitude puna production areas. This contrasts with a relatively high representation of cranial and podial elements in the Urabarriu camelid assemblage. They do not attribute this to ch'arki production, however, suggesting instead that the relative survivorship of cranial and lower foot elements in these earlier deposits is inflated by an attrition of limb shafts from wild and domestic taxa which were modified into tools (Miller & Burger, 1995:445) . Figure 6 presents scatter plots comparing percentage survivorship (Lyman, 1994:256) of camelid remains with respective bone mineral density and meat utility values from each occupational phase at Chavín. Interesting differences are revealed between the earliest Urabarriu phase and its later counterparts. The Urabarriu camelid assemblage indicates a weak tendency toward density-mediated survivorship and inclines negatively with meat utility; however, neither trend is significant. Although the sample (N=462) does include † With the exception of cranial values, which are based on Tomka's (1994:64) whole body part or element meat utility index (WSEMUI), all meat utility values are derived from Tomka's (1994:65) adjusted fragmentary skeletal element meat utility index (FSEMUI). Second and third phalanx values are based on first phalanx values. All carpals and tarsals are included in the lower limb segments, with smaller elements considered as a unit and assigned values derived from adjacent metapodial elements. Ranked ordering of high meat utility is negatively correlated with ranked ordering of high bone mineral density (r s = 0·47; P=0·019; N=24). relatively higher frequencies of cranial and first phalangeal fragments, I suspect that these weak and insignificant correlations reflect the overall survivorship of most identifiable elements within the camelid skeleton. It must be stressed that a significant portion of higher meat-yielding elements, especially vertebrae and ribs, are difficult to identify osteologically to a higher taxonomic level than zoological order. These data are not included in the analysis; however, the authors state that indeterminate artiodactyl elements include ''large numbers of ribs and vertebrae'' (Miller & Burger, 1995:458) . The small Chakinani (N=177) and larger Janabarriu (N=1155) camelid samples display distinctly different survivorship from the earliest Urabarriu phase, although virtually all of the identifiable elements within the camelid skeleton are again present. Both samples tend to be negatively correlated with bone mineral density; however, only the Chakinani assemblage is statistically significant. Both are significantly and positively correlated with meat utility. With the data at hand, it might be argued that assemblage survivorship in the later Chakinani and Janabarriu samples at Chavín indicates the local accumulation and deposition of transported skeletal remains, reflecting a bulk utility strategy (e.g. see discussions in Grayson, 1988:70; Lyman, 1991 Lyman, :126, 1992 Lyman, , 1994 Bartram, 1993:116) . From an Andean perspective, this could suggest: (1) the production and consumption of ch'arki from camelids slaughtered at nearby pastoral sites (Figure 4 , case C); (2) the consumption of a chalona locally produced from transported carcasses of camelids slaughtered at high elevation sites ( Figure 5 
Discussion
The use of a chalona model might support Miller & Burger's (1995) claim that after the earliest Urabarriu phase occupations, the inhabitants of Chavín began to consume packages of preserved meat that were produced and transported from highland puna sites (Figure 5, case D) . However, such a claim would still have to account for a relatively high occurrence of lower leg elements, especially in the Janabarriu context (Miller & Burger, 1995: Table 4 ). This is acknowledged by the authors, who suggest that the principal diet of preserved meat was occasionally supplemented by fresh meat introduced during winter herd culling, or during seasons when dried meat could not be produced (Miller & Burger, 1995:444) . On the other hand, the deposits might also potentially suggest a chalona pattern in which camelids were slaughtered at high-elevation sites with subsequent transportation of higher utility carcasses to a lower-elevation production site which would necessarily have to be the location of consumption and bone deposition as well ( Figure 5, case A) .
In either case, the interpretation is based upon the production of an item akin to contemporary chalona in which the major meat-bearing bones remain in the muscle mass. The interpretation of prima facie evidence is equifinal. The use of a chalona model might suggest that the inhabitants of the later two Chavín occupations began to consume packages of preserved meat that were produced and transported from elsewhere or, conceivably, one in which camelids were transported live to Chavín, which thereafter served as the site of slaughter, production, chalona consumption and eventual bone deposition. However: (1) why would they have manufactured a dried meat product with large bones still in place, as this subtracts from portability and use in long-distance trade?; (2) wouldn't bones be processed and fragmented further after rehydration of chalona at the consumption site?; and (3) why would the prehistoric inhabitants of Chavín have gone to the trouble of importing an elaborately preserved meat product, when puna pastoral lands lay within less than an hour's walk from the consumption site?
Using a ch'arki model, the nature of skeletal survivorship in the Chakinani and Janabarriu phases can be accommodated in situations where camelids were slaughtered in puna pastoral locations, with transportation of high meat yield carcass portions to the valley bottom for production and/or consumption (Figure 4 , case C). Taking into account the significant survivorship of lower limb elements, especially in Janabarriu contexts, then live camelids could have been transported from puna pastoral sites and subsequently consumed, or produced into ch'arki for local consumption or trade (Figure 4, cases A, B) . It would, however, be doubtful that camelids were only consumed at Chavín as ch'arki in the strict sense of deboned meat, because this pattern of consumption would leave few if any bone fragments for the archaeofaunal record. The only case where this could agree with the preserved archaeofaunal record is one in which ch'arki was necessarily produced, either for local consumption and/or trade (Figure 4, case C) .
It is interesting that in most of the hypothetical scenarios considered, Chavín would have been a prehistoric centre for the production of preserved camelid meat. Miller & Burger (1995:449) argue that the sudden rise of domesticated camelids in later deposits reflects an economic transformation through the need for more cargo llamas. The eventual abandonment of hunting afforded more time for valley-centred activities like trade, craft work and farming, while placing a higher dependency on the products of high-altitude herders and farmers. From earliest times, Chavín was an important trade centre linking wide areas of highland, coast and jungle, and by the Janabarriu phase it had expanded into a large proto-urban centre with evidence for specialist craft production and social hierarchy (Miller & Burger, 1995:445) . It is certainly possible that one of these trade commodities may have been deboned and dried ch'arki produced for export at the site of Chavín.
The authors suggest that it is impossible to process ch'arki at the site's altitude of 3150 masl (Miller & Burger, 1995:444) as they consider freezing temperatures to be necessary for its production. The authors state that ''during the dry season, nightly frosts are common at elevations above 3300 m and on rare occasions even affect the valley floor'' (Miller & Burger, 1995:422) . The higher elevation is similar to that of the Incan capital of Cuzco, where Garcilaso (1871:603) wrote in the mid-16th century that the prevailing climate was sufficiently dry and cold enough, that a joint hung up in a room with open windows would render a preserved product which could then be kept for up to 100 days. It is important to consider that lands above 3300 masl which are conceivably subject to sufficient frost for ch'arki production lie directly adjacent to Chavín. Nevertheless, freezing should not be overemphasized as a necessary prerequisite for ch'arki manufacture. Freezing, salting and exposure to sun or wind all can serve to draw moisture out of fresh meat; therefore, freezing temperatures alone need not be vital for the production of a dried meat product. In many low elevation tropical areas today, it is effectively produced with only the aid of salt, sun and sometimes wind (e.g. Norman & Corte, 1985 ; and see Bartram, 1993 for a discussion of African biltong). It is therefore entirely feasible that deboned llamoid meat could be rendered into a dried product either at the site of Chavín or into freeze-dried ch'arki in the immediate vicinity of the site.
Nevertheless, each of these hypothetical assemblage interpretations requires some potentially problematic assumptions. Each assumes temporally precise and unvarying analogues for the production and consumption of ch'arki and chalona and treats the preserved assemblages as accurate and reliable reflections of original bone accumulation and deposition. Identification of the two key component sets of skeletal elements (i.e. crania and lower limbs spatially separated from the rest of the skeleton) is potentially compromised through significant density-mediated attrition and obliteration of depositional resolution during assemblage accumulation, deposition and burial. The discovery of spatially discrete higher density/lower utility cranial and lower limb packages can be confounded by aspects of differential destruction. Light density crania may be heavily fragmented through human or carnivore consumption and further destroyed or rendered unidentifiable through various post-depositional processes. Mandibulae, metapodial shafts and phalanges can be removed and curated for adornment and tools, potentially leaving assemblages composed of upper cheek teeth and distal articular ends of metapodia. By the same token, highly fragmented limb shafts may not be recovered, curated or identified to a sufficiently finescale taxonomic level for inclusion in assemblage interpretation. This is particularly significant for osteologically indistinguishable camelids, as the elimination of undiagnostic mid-shaft fragments could artificially produce an assemblage seemingly dominated by cranial and lower limb fragments. This is, of course, very similar to the assemblage patterns of Middle Paleolithic collections, which Marean and colleagues (Marean & Frey, 1997; Lam et al., 1998; Marean & Kim, 1998) demonstrate are analytical artefacts produced through the consistent underestimation of the occurrence of long-bone mid-shafts in archaeological interpretation. Also, the exclusion of highly significant meat-bearing elements such as vertebrae and ribs which are osteologically difficult to identify as camelid, further contributes to analytical ambiguity. Indeed, the same processes that can potentially obscure identification of higher density/lower utility assemblages can lead to interpretational ambiguity in all of the potential scenarios offered for ch'arki or chalona production. In any case, successful interpretation would necessarily hinge on: (1) the repeated deposition and preservation of similar assemblages at fixed locales through time; (2) accurate resolution of distinct depositional events at coterminous and functionally linked sites; (3) a temporally and spatially enduring ch'arki production which is identical to contemporary descriptions; and (4) the high-resolution identification of skeletal fragments with relatively poor taxonomic acuity and their subsequent inclusion in assemblage interpretation.
Summary
Since their introduction to zooarchaeology, standardized density assays derived through the technique of photon densitometry have proved to be useful tools for assessing important aspects of archaeofaunal assemblage formation. The accuracy of these measurements for archaeological interpretation relies upon the dependability and comparability of standardized measurements obtained from a comprehensive range of different skeletons. Although the list of studied taxa is growing, it remains relatively meagre. This study adds measurements for domesticated llama (L. glama) and alpaca (L. pacos) to the list and demonstrates how these assays can be used with other important taphonomic tools to increase the resolution of archaeological inference. In conjunction with meat utility indices, volume density measurements are used to examine skeletal frequencies of preserved camelid archaeofaunal remains in an attempt to elucidate certain ambiguities involved in the identification of prehistoric ch'arki production and consumption; an Andean version of the famous ''schlepp effect.'' From a taphonomic perspective, temporal changes in the frequency of the camelid subassemblages at the Peruvian site of Chavín de Huántar may implicate this important pre-Hispanic religious and trade site as a production, rather than as simply a consumption, centre for the distribution of preserved ch'arki. Nevertheless, any interpretation of the record strongly depends upon: (1) the exact definition of ch'arki used; (2) the acceptance of a prehistoric preservation technique which is invariable and constant through time and space; (3) an assumption that the taphonomic history of assemblage accumulation, deposition and preservation is understood; (4) the precise identification of important meat-bearing elements with a normally low taxonomic acuity; and (5) the unambiguous recognition of temporally discrete depositional events in the archaeological record. Before any of these important problems can be satisfactorily resolved, it is most probably unwise to accept any behavioural interpretation as definitive.
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